INTRODUCTION
The goals of this investigation were ( 1 ) to optimize X-ray diffractometer geometry and powder sample preparation procedures for best data reproduci-· bility with fast scanning, and ( 2 ) to develop a procedure to find the required number of scans of peaks and background for a given level of accuracy. The research was originally undertaken to determine the calcite : dolomite ratio in limestones, but results should apply equally to other powder systems or to use of an internal standard. Variables evaluated include effects of various kirids of grinding, use of a sample spinner, use of different X-ray wavelengths, selec~ tion of diffractometer geometry, and counting techniques. The first requirement for accurate analysis is that results should be reproducible, so evaluations are based on multiple runs. The standard deviation from the mean was calculated for each set of experimental conditions; a high standard deviation indicates low reproducibility, and little chance that the mean can be accurately estimated from a few runs.
TEST METHOD.
X-ray diffraction peak intensities were measured by cumulative counting across the peaks during the 29 scan, the count total being automatically printed out at the end of the scan. Direct counting has been found to increase accuracy over recording chart and planimeter methods by several percent (5) .
The scan was made at a rate of 2 degrees per minute; each counting period was 40 seconds. The counts measure total peak area rather than peak height; use of area is more accurate in the event that fine crystalline size or lattice strains and dislocations cause peak broadening and flattening. For speed in the comparisons, calcite : dolomite count ratios were calculated from the 0 0 3. 03 A and 2. 89 A peak counts without correction for background. Consistency of the count ratios was then evaluated for each run by the standard deviation from the mean, <1 = ~ r (X ~ X)
.
1 Since the average ratio, X, depends in part on background and o depends on X, another useful measure is the coefficient of variation, which is o expressed as a percent of X, or C = 1000'/X.
Because of the number of trials, n, was small and not held constant, o and C were used to estimate the universe parameters, 0-and C, by multiplying by n ~ 1 (1). Reliability of O' and C is shown by the relative standard deviation of the standard deviation, which depends on number or repeat runs:
DETECTION
In all tests a scintillation counter was used for high sensitivity and short dead time, a filter was used to eliminate K~ , and a pulse height discriminator ("reverter") was used to minimize detection of white radiation and sample fluorescence. The counter response was found to be linear to counting rates exceeding 10, 000 cps.
GRINDING
Fine grinding is recognized as the most important single factor affecting reproducibility of diffraction intensities, a size reduction to 5 microns bringing C to the order of one percent (3, In general, methods are listed in 'the table according to increasi:ng reproducibility of test data (lower <:1 and C). The ball mills gave better results than the mechanical mortar, and in spite of a much higher background due to fluorescence of the iron contaminant, 5 minutes in the impact mill gave more consistent .results than did 17 hours in a st.andard chert-pebble ball mill. This could undoubtedly be further improved on by use of a porcelain mill, and one sample was so treated. Unfortunately small size porcelain balls were not available, and the data on run 7 are from a comparatively poorly ground sample.
An expected side effect of grinding is to increase line broadening, i. e. , decrease sharpness of the diffraction peaks. A convenient measure of broadening is the peak breadth expressed in degrees of two theta and mea- Results . Effects of diffraction geometry on C are shown in Table III for two different grinding methods. In both grinds, optimum conditions are 30 beam and 0.1° detector slit, the finer ground material being most sensitive to differences in diffractometer arrangement.
Counting statistic. X-ray diffraction intensities are measured in counts occurring randomly in time, contributing a standard deviation (3):
For a ratio, N/N 2 , the coe~ficient of variation is approximated by 
The r may vary from zero to one: with r = 0,
The right hand side of this equation is plotted at the bottom of Fig. 1 , and represents the maximum C which may be attributed to the counting statistic.
The abscissa for Fig. 1 is a function of slit widths over scan rate, ideally proportional to N. The lowest C is for run 13, 0. 88%, compared to CNN 1 2 0. 75%. However, r was found to be O. 992, and the actual CN N .
i 2 calculates to be 0.118%, indicating that much of the variation is experimental. Another possibility is that longer wavelengths would allow a coarser diffraction system due to greater angular separation of peaks. Tests with a
Cr tube showed this advantage was outweighted by the higher absorption coefficients and lower counting efficiency, leaving copper the best choice.
SPINNING AND SAMPLE CHANGING
Several experiments were made to ascertain the sources of remaining experimental variation. In all previous runs samples were rotated in the X-ray beam at approximately 70 rpm for two purposes: to expose a greater number of propoerly oriented crystals to the beam and thus improve sample statistics, a single well oriented large calcite grain could completely disrupt the count totals, but if the sample is rotated such a grain will superimpose a tell-tale sine wave on the diffractometer trace.
Lowest deviations were expected from repeated testing of single sample, which should minimize experimental variations. A sample tested without rotation gave C = O. 75% (Table IV) ; tested with rota.ion it gave C = 0. 630%, which compares favorably with the maximum of 0. 620% contributed by the counting statistic. with C = 0. 79%, is a repeat of earlier run 13, which gave C = 0. 88%. Virtues of spinning were also shown by static repeats of runs 10 with a mortar-ground sample, and run 14, which was an impact-milled sample tested with a less effective diffraction geometry, Not spinning raised C for run 10 from 5. 1 to·6. 5%, about a fifty percent increase in variance, indicating the gain from spinning is not dependent on grind. Not spinning raised C for run 14 from 1. 8 to· 2. 6%, indicating that spinning is even more advantagious with finer diffraction geometry and fewer crystals in the beam.
ACCURACY IN RELATION TO COUNT RATIO
The sample chosen for these studies is a calcareous dolomite with a calcitedolomite count ratio (less background) of 0. 61. From equation (4), CNi/N 2 is a minimum when the count product N 1 N 2 is maximum, i.e., when Ni= N 2 , or Ni/N2 = 1. A graph of equation (5) solved for Ni+ N2 = 40, 000 counts is shown in Fig. 2 ; as the N 1 /N 2 ratio (or its reciprocal) goes up, so does variation attribut.able to counting. This particular solution gives CN /N = 1 when Ni= N 2 , so the graph shows the ratio of actual to minimum CNl/N 2 at different count ratios. For example, when the count ratio is 100 to 1, CN 1 N 2 will be five times greater than with a count ratio of 1 to 1 tested under the same conditions.
BACKGROUND
In the preceding discussions background counts were ignored. Background B may be counted and subtracted from the count total ~to give the difference:
The standard deviation of D is (7) Substituting from equations (1) and (6),
For low oD' background with its double indemnity must be minimized.
By means of equations (8) and (3) and the definition of C, if r D}/D 2 is small it can be shown that Examples of CDJD 2 calculated from actual count data are given in Table V .
Counting statistic CDl/D 2 1 s are over twice as high for the sample with iron contaminant and high background as for the sample without iron.
The 30/0.10 system, although giving the lowest cN 1 /N 2 based on total counts, gave a higher background than a 10/0. 20 system now selected for comparison. As seen in Table V , with the high background steel-milled sample the two systems are about on a par, but with the lower background sample, the 30/0.10 system remain better. In the above, background and.both peaks were counted for equal time intervals. The question now arises whether the counting time could be m:ore judiciously spent more on the peak and less on the background, or more on one peak than on the other. If n is a counting period multiplier, <f 's and C's are changed by a factor of~ (eq~ation 2). Following a similar deri~ation to (9). in. A piston force against the sample of 500 lb. thus gives a compactive pressure of 1000 psi. A mechanical hand-operated rack-and-pinion type press with a 10:1 advantage was found to be quite adequate for compaction, and gave a decided advantage of speed over hydraulic or motor-driven presses. Samples may be molded in approximately 30 seconds.
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Samples are molded against a polished steel surface (Fig. 4) with a 3/4 11 polished piston. The steel anvil may be covered with paper to decrease preferred orientation, but after fine grinding this was found to be unnecessary. A cover plate acts as a guide for the piston and prevents puffing out of the sample during the sudden compaction.
The sample spinner ( • Fig . 4 . Disc sample holders (at left and under pistcn) . Piston guide is at rear. 
